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IN_TRODUC-TI ON 
Studies of the survival of Bacillus cereus and Staphylococcus 
3 2 .  
aureus _ _  _- i n  severe environments for  periods as long  as  1 2  months 
a re  i n  progress. The f o l l o w i n g  generalizations of the r e s u l t s  
t o  date can be made: 
(1) & cereus 
I n  earth atmospheres a t  reduced barometric 
pressures, growth occurred a t  98 mb with a 
20-hr dai ly  freeze and a t  1 0 ,  25, and 4 0  mb 
with an 8-hr da i ly  freeze, but not a t  10,  2 5 ,  
and 4 0  m b  with a 20-hr dai ly  freeze. A t  1 year 
the populations were equal t o  or  greater  than 
the i n i t i a l  populations of l o 5  to  lo6 c e l l s  
per gram of s o i l .  
I n  37,  67,  and 100% carbon dioxide atmospheres 
a t  barometric pressures from 5 to  98 mb with 
a 20-hr daily freeze, no growth occurred. A t  
1 year the populations were equal t o  the 
i n i t i a l  populations of l o 5  t o  l o 6  cells/g.  
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( 2 )  _S, s u r e u s  
(a)  I n  ear th  at.mospheres a t  reduced (5, lo - ,  25-, 
40-, and 98-mb) barometric p r e s s u r e s  wi th  a 
20-hr d a i l y  f r e e z e ,  t h e  f i n a l  p o p u l a t i o n s  w e r e  
1 t o  2 l o g s  h ighe r  t h a n  t h e  i n i t i a l  p o p u l a t i o n s  
of l o 5  ce l l s /g .  
(b)  I n  3 6 .  67. and 100% carbon d i o x i d e  atmospheres 
at. barometr ic  p r e s s u r e s  from 5 t o  98 m b  wi th  
a 20-hr  d a i l y  f r e e z e ,  t h e  f i n a l  p o p u l a t i o n s  
were 1 t o  2 logs h i g h e r  t h a n  t h e  i n i t i a l  
p o p u l a t i o n s  of l o 5  c e l l s / g .  
S t u d i e s  on t h e  effect. of a low water  a c t . i v i t y  (aw) on & aureus  
a r e  i n  p r o g r e s s .  Baromet.ric p r e s s u r e  and l e n g t h  of d a i l y  f r e e z e  
i n f l u e n c e d  t h e  growth of _S. agreys. Growth occurred  i n  a 67% 
carbon d i o x i d e  atmosphere a t  25 m b  and an a of 0-81 t o  0.85 
w i t h  a 1 6 - h r  b u t  not a 2 0 - h r  d a i l y  f r e e z e ,  Growth a l s o  occurred  
i n  t h e  same environment w i t h  a n  a of 0.70 t o  0 - 7 5 ,  but n o t  with 
the same aw i n  a 100% carbon d iox ide  atmosphere a t  5 o r  10 mb.  
W 
W 
S o i l  ecology exper iments  on t h e  growth responses of micro-. 
organisms in d i f f e r e n t  s o i l s  i n  a s imula t ed  Mart ian environment 
(67% carbon d iox ide  a t  15 m b  and a 16-hr d a i l y  f r e e z e )  are i n  
p r o g r e s s ,  These s t u d i e s ,  re1at”ed t o  t h e  p r o b a b i l i t y  of extra- 
t .errestria1 contaminat ion ,  w i l l  e v a l u a t e  t h e  minimum a and t h e  
n u m b e r s  of t h e  fo l lowing  microorganisms r e q u i r e d  f o r  growth and 
s u r v i v a l  : cereus, &ictobacil&gg plan_taggz, Pseudqmgmag 
agrsgings_a,  P u t r e f a c t i v e  Anaerobe (PA 3 6 7 9 ) .  2, auur~gs, and 
-- Stre_pZ&t.myces --- ___--- a1 bus e 
W 
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Preliminary data indicate that the a of the environment 
influences the minimum number of organisms required for survival. 
For example, L, plantarum survived in a brunizem soil (neutral 
pH and moderate organic content) with an initial inoculum of 
one cell/g at an aw of 0.92 and with an initial inoculum of 
W 
-- 
100 cells/g at an aw of 0,78, 
Studies w i t h  the Martian chamber were started. Initial 
experiments with a brunizem soil will investigate temperature 
as a function of s o i l  depth and the formation of a permafrost 
layer with daily freeze-thaw cycles, 
r 1.P - _._l EX PER IMENT AL PROCEDURE S 
Stock culture preparations of the microorganisms were 
described in Reports No. IITRI-L6023-5, -6, and -7. For the 
so1 1 ecology experiments, the preparation and the inoculation 
of test tubes and the methods for determining the aw of the 
m~croorganisms were described in Report No. IITRI-L6023-9, 
A l l  s tock culture cell suspensions were stored at 4OC until 
used. - B e cereus ---- and PA 3679 spore suspensions were heat-shocked 
at. 80°C for 10 min just before use. 
Some of t.'he soil ecology experiments started during the 
last report period utilized the following environmental conditions: 
(1) Gaseous composition: 67% carbon dioxide, 30% 
nitrogen, and 3% argon 
(2) Atmospheric pressure: 15 mb 
(3) Temperature cycle: 16-hr daily freeze at -65OC 
and 8-hr daily thaw at 25OC 
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Moist.ure concen t r a t ion :  maximum t o  minimum a 
depending on the organismB s requirement, 
Soil type :  brunizem, d e s e r t  .I and podzol 
Organism: cereusa L. -m, P A  3679,  
P e ae ruq inosa ,  S o  a u r e u s ,  and -,-- StreEtomyces -- - _i_l a9 bus  
C e l l  concen t r a t lon :  
10 c e l l s / g ,  
W 
- - --PI 
u s u a l l y  l o 3 ?  l o 2 .  and 
lowest. numbers of cells and t h e  minimum aw are 
s t u d i e d  for s u r v i v a l  and growth i n  t h e  environment over  a 56-day 
tes t  p e r i o d ,  
2 8 ,  and 56 days  and are compared t o  i n i t i a l  counts ,  T h e  b a c t e r i a l  
coun t s  a r e  r e p o r t e d  a s  averaged c o u n t s  of two plates from each 
of t h r e e  OK f i v e  t u b e s  (depending on t h e  experiment)  ,, Incuba t ion  
w a s  a t  35,  30,  o r  25cC for 1 t o  5 days ,  depending on t h e  b a c t e r i a l  
s p e c i e s ,  
Bacterial  coun t s  of v i a b l e  c e l l s  are made a t  7 ,  
I L2 0 .---_I_ RESULTS yI_-- AND D I S C U S S I O N  
I n  exper iments  t h a t  i n v e s t i g a t e d  the e f f e c t s  of ba romet r i c  
p r e s s u r e ,  gaseous composi t ion,  mo i s tu re  c o n c e n t r a t i o n .  and d a i l y  
f reeze- thaw c y c l e s  on B, cereus and S, aureus ,  s u f f i c i e n t  
replicates w e r e  p r epa red  t h a t  r e s u l t s  on t h e  s u r v i v a l  and t h e  
growth of t h e s e  organisms could be ob ta ined  past. 56 days,  The 
d a t a  are shown i n  Tables 1 and 2, 
Growth of B ,  c e r e u s  occurred i n  an  e a r t h  akmosphere a t  ---
98 m b  wit,h a 20-hr d a i l y  f r e e z e  b u t  d i d  n o t  occur when t h e  
b a r o m e t r i c  p r e s s u r e  w a s  lowered t o  4 0 ,  25, or 10 m b ,  The p r e s s u r e  
and the l e n g t h  of t h e  d a i l y  f r e e z e  appear  t o  be f a c t o r s  r e g u l a t i n g  
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the  growth of t h i s  organism. Previous experiments with an 
8-hr instead of a 20-hr daily freeze permitted the organism 
to  grow. Growth also occurred i n  a 67% carbon dioxide atmos- 
phere a t  1 0  m b  w i t h  a 16-hr da i ly  freeze,  but n o t  with a 20-hr 
dai l y  freeze.  
An attempt t o  r e l a t e  the growth response of cgreus 
to  the p a r t i a l  pressure of carbon dioxide was not possible 
because of insuf f ic ien t  data. Actually, three factors  a re  
involved: baroinetric pressure, carbon dioxide concentration, 
and length of dai ly  freeze. The barometric pressure exerts 
a double e f f ec t  by influencing the aw of the system as well 
as the carbon dioxide concentration- For example, with a 
67% carbon dioxide atmosphere, the aw requirement of an os- 
ganism may be s a t i s f i e d  w i t h  a 98-mb pressure, but the ele-  
vated pressure would increase the concentration of carbon 
dioxide t o  a toxic level .  
I n  a similar manner, an organism may grow i n  a suboptimal 
environment with a da i ly  freeze of 16 h r  but not 20  hr .  A l l  
the environments i n  these experiments were suboptimal, and 
the interact ions of the factors tha t  make up the environments 
and the values of those factors t ha t  l i m i t  the growth of vari-  
ous organisms are  being investigated. 
The most s ign i f icant  finding from the data i n  Table 1 i s  
t h a t  B.  cereus survives f o r  long periods of time i n  many kinds 
of environments with l i t t l e  loss of v i a b i l i t y ,  I n i t i a l  
- --
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populations were between l o 5  and l o 6  cel ls /g  and were similar 
to  those recorded a f t e r  as long as  1 2  months i n  the environ- 
ment. This r e s u l t  has serious implications i n  planetary con- 
tam1 nation, since repeated contamination would be curnulative 
even i n  the absence of growth. 
5 ,  aclreus - -  --- grew i n  a l l  the environments (Table 2 ) -  The 
f i n a l  viable c e l l  cmnt s  were always higher than the i n i t i a l  
counts, even a f t e r  1 2  months i n  the environments. There was 
an indication tha t  the f i n a l  populations were higher with l e s s  
severe environmental conditions, a1 though the difference may 
be the r e su l t  of a slower growth response t o  the more severe 
environments. 
The e f f ec t  of low aws on 2, aureus is shown i n  Table 3 ,  
A n  e f f ec t  of barometric pressure and length of dai ly  freeze 
on growth was noticed, S. aureus grew i n  a 67% carbon dioxide 
atmosphere a t  25 mb and an aw of 0,81 to  0-85 w i t h  a 16-hr 
but not a 20-hr da i ly  freeze: a resu l t  t ha t  was a temperature 
e f fec t .  
0.70 t o  0.75 and a 16-hr dai ly  freeze. but not with the same 
- ----- 
Growth occurred i n  the same environment w i t h  an aw of 
aw i n  a 100% carbon dioxide atmosphere a t  5 or 10  m b  with a 
16-hr da i ly  freeze. The growth inhibi t ion,  o r  delayed growth 
response, was caused by the decrease i n  barometric pressure, 
which lpdered the aw and not the tox ic i ty  f r o m  the carbon 
dioxide. The carbon dioxide concentration was greater  with 
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the 67% carbon dioxide atmosphere a t  25 m b  than w i t h  the 100% 
carbon dioxide atmosphere a t  1 0  o r  5 mb.  
T a b l e  3 
EFFECT O F  REDUCED a, ON GROWTH O F  & AUREUS 
I N  SEVERE CARBON D I O X I D E  ENVIRONMENTS 
-.I. - - E n v i r o n m e n t a l  II C o n d i t i o n s  
B a r o m e t r i c  D a i l y  C02 C o n t e n t ,  P r e s s u r e ,  Freeze, 
67 25 20 
100 
25 16 
25 20 
25 16 
10 16 
10 16 
5 16 
5 16 
a 
R a n q  e 
W 
0.86-0.90 
0.81-0.85 
0.81-0.85 
0.70-0.75 
0.86-0,90 
0.70-0-75 
0-86-0,90 
0.70-0.75 
G r o w t h  
+ 
The growth of S. a u r e u s  a t  a s l o w e r  t h a n  those previ-  
W P 
ously reported ( S c o t t ,  W. J . ,  A u s t r a l i a n  J. B i o l .  S c i . ,  V o l .  6, 
pp. 549-564, 1953) w a s  caused by the d a i l y  freeze-thaw cycles. 
A s i m i l a r  phenomenon w a s  reported f o r  spore g e r m i n a t i o n  and 
g r o w t h  of B. cereus and B. s u b t i l i s  ( H a g e n  C .  A . ,  e t  a l ,  A p p l .  
Microbiol., V o l .  15, pp. 285-291, 1967). C o n t r a r y  t o  popular 
be l ie f ,  d a i l y  freeze-thaw cycles are  n o t  necessarily l e t h a l  
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t o  a n  organism, b u t  a c t u a l l y  a l l o w  growth t o  t a k e  place a t  
lower aws t h a n  would be possible a t  c o n s t a n t  above- f reez ing  
t empera tu res .  
P r e l i m i n a r y  d a t a  from the s o i l  ecology exper iments  i n d i -  
cate t h a t  s u r v i v a l  of an  organism i n  a p a r t i c u l a r  s o i l  de- 
pends on the i n i t i a l  numbers p r e s e n t  and the aw of the en- 
v i r o n m e n t ,  which i s  67% carbon d i o x i d e  a t  15 m b  w i t h  a 16-hr 
d a i l y  f r e e z e .  
LA plantarum su rv ived  i n  a brunizem s o i l  ( n e u t r a l  pH 
and moderate o r g a n i c  c o n t e n t )  w i t h  an  i n i t i a l  inoculum of 
1 c e l l / g  a t  an aw of 0.92 and w i t h  a n  i n i t i a l  inoculum of  
100 c e l l s / g  a t  an  4.5 of 0.78. Growth of the organism oc- 
c u r r e d  w i t h  an i n i t i a l  inoculum of 10 c e l l s / g  and an  aw of 
0.95. S. a u r e u s  responded i n  a s i m i l a r  manner. An inoculum 
of  10 c e l l s / g  s u r v i v e d  w i t h  an  aw of 0.94 b u t  n o t  w i t h  an aw 
o f  0.91. and an  inoculum of 100 c e l l s / g  s u r v i v e d  w i t h  an 
of 0.89. B, c e r e u s  su rv ived  w i t h  i n i t i a l  i n o c u l a  of 10 
aW 
t o  100 c e l l s / g  w i t h  aws from 0.91 t o  0.94. 
L: P l a n t a E  su rv ived  and grew i n  podzol  s o i l  ( a c i d  p H  
and  l o w  o r g a n i c  c o n t e n t )  w i t h  i n i t i a l  i n o c u l a  of 1 t o  1,000 
c e l l s / g  w i t h  a n  a, of 0.95. 
s u r v i v e d  w i t h  a n  aw of 0.91 b u t  n o t  w i t h  ana,  of 0.87. 
10 c e l l s / g ,  b u t  n o t  1 c e l l / g ,  s u r v i v e d  w i t h  a n  aw of 0.93. 
& c e r e u s  su rv ived  w i t h  an  i n i t i a l  inoculum of 10 c e l l s / g  
w i t h  a n  aw of 0.91. 
An i n i t i a l  inoculum of 100 c e l l s / g  
And 
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These s t u d i e s  w i l l  be completed and the r e s u l t s  w i l l  be 
presented i n  t h e  next r e p o r t .  
S t u d i e s  W I  t h  t h e  M a r t i  an chamber w e r e  s tarted dur ing  t h i s  
r e p o r t  period, A brunizem soil i s  be ing  used i n i t i a l l y  t o  t es t  
the s o i l - c o r i n g  t o o l  and other expe r imen ta l  factors ,  such as 
ra te  of f r e e z i n g  w i t h  s o i l  depth ,  e f fec t  of d a i l y  freeze-thaw 
c y c l e s  o n  t h e  tempera ture  g r a d i e n t  of  t h e  s o i l  p ro f i l e .  and 
requi  rements t o  e s t a b l i s h  a pe r ins f ros t  l a y e r -  
SUMMARY 
B, cereus_ ._ - and S ,  g u y ~ ~ _ ~  s u r v i v e d  i n  v a r i o u s  s e v e r e  envi ron-  
E - -I-- -_-- 
ments f o r  a t  least  1 2  months w i t h  no appreciable d e c r e a a e  i n  
the n u i b e r  o f  v i a b l e  cel ls .  B a r o m e t r i c  p r e s s u r e ,  carbon d i -  
ox ide  c o n c e n t r a t i o n .  and l e n g t h  of d a i l y  f r e e z e  i n f l u e n c e d  t h e  
qrowth response  of both organisms, 
One of t h e  most s e v e r e  environi ients  t es ted ,  100% carbon 
dioxide a t  10 mb w i t h  a 2 0 - h r  d a i l y  f r e e z e ,  allowed s u r v i v a l  
w i t h  no appreciable d i e  o f f  o f  B t  Ceqeus. G r o w t h  of SA-_ +?-yeus_ 
o c c u r r e d  i n  t h e  s a m e  environment,  w i t h  f i n a l  coun t s  about  4- 
fo ld  h i g h e r  t h a n  i n i t i a l  c o u n t s -  The importance of E, cer_eug 
s u r v i v a l  and ._ aygeuz s u r v i v a l  and  qrowth t o  extraterrestr ia l  
p l a n e t a r y  contaminat ion  i s  ev iden t .  
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Barometric p r e s s u r e  and l e n g t h  of d a i l y  freeze affected 
the growth of & a u r e u s  i n  environments w i t h  l o w  aws. 
lowest aw range  t h u s  far  tested tha t  permitted growth w a s  
0.70 t o  0.75. 
The 
P r e l i m i n a r y  data f r o m  soil ecology exper iments  ind ica ted  
t h a t  the 4.r of t h e  environment i s  i m p o r t a n t  to  survival .  A s  
the aw dec reased ,  a g r e a t e r  number of ce l l s  w a s  r e q u i r e d  fo r  
s c r v i v a l . .  For example, 1 c e l l / g  of ~&gn_&a_g~ s u r v i v e d  i n  
a brunizem s o i l  a t  a n  
fo r  s u r v i v a l  a t  0.78 aw. 
culum of  10 c e l l s / g  a n d  an aw of 0.95. 
of  0.92, b u t  100 c e l l s / g  w e r e  r e q u i r e d  
G r o w t h  o c c u r r e d  w i t h  a n  i n i t i a l  ino-  
S t u d i e s  w i t h  the Mart ian Chamber w e r e  s t a r t e d .  I n i t i a l  
s t u d i e s  are examining env i ronmen td  factors  such as ra te  of 
f r e e z i n g  w i t h  s o i l  dep th ,  e f f e c t  of d a i l y  f r e e z e  t h a w  c y c l e s  
on the t empera tu re  g r a d i e n t  of the so i l  p ro f i l e ,  and r e q u i r e -  
ments t o  es tabl ish a permafrost l a y e r .  
V_- PERSONNEL AND RECORDS 
The exper iments  w e r e  planned w i t h  the counse l  of D r .  E .  J. 
Hawrylewicz and the t e c h n i c a l  a s s i s t a n c e  of M r .  Bruce Anderson, 
M r s .  Marjorie Cephus, and M i s s  Viv ian  Tolkacz. 
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E x p e r i m e n t a l  data are recorded i n  I I T R I  Logbooks C 1 6 6 8 4 ,  
c 1 7 4 9 7 ,  C1759e,  C17605,  C17587, C 1 7 8 4 9 ,  C 1 8 0 2 9 ,  C 1 8 1 6 1 ,  and 
(218169. 
R e s p e c t f u l l y  s u b m i t t e d ,  
IIT RESEARCH INSTITUTE 
C h a r l e s  A. H a g e n  
R e s e a r c h  B a c t e r i o l o g i s t  
L i f e  Sciences R e s e a r c h  
Approved by : 
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